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HERBICIDAL 
Z-(Z-IMIDAZOLIN-Z-YL)-BENZAZOLES 

This is a divisional of application(s) Ser. No. 08/209,670 
?led on Mar. 10, 1994 U.S. Pat. No. 5,453,415, which is a 
divisional of Ser. No. 07/874,446 ?led on Apr. 27, 1992 
(now U.S. Pat. No. 5,300,479), which is a divisional of Ser. 
No. 07/576,621 ?led on Aug. 31, 1990 (now U.S. Pat. No. 
5,108,485) of Robert Francis Doehner, Jr., for Herbicidal 
2-(2-Imidazolin-2-y1)-benzazoles. 

BACKGROUND OF THE INVENTION 

Certain imidazolinyl benzoic and naphthoic acids, esters 
and salts and their use as herbicidal agents are described in 
U.S. Pat. Nos. 4,188,487; 4,297,128 and 4,554,013 and in 
patent applications GB 2 172 866 A and EP 862003043. 
However, the imidazolinyl benzazoles of the present inven 
tion are not described nor suggested in said patents and 
patent applications. Fused heteropyridine compounds and 
their herbicidal use are described in U.S. Pat. Nos. 4,650,514 
and 4,752,323 and copending U.S. application Ser. No. 
465,569 ?led on Jan. 16, 1990, now U.S. Pat. No. 5,252,538. 
Although a variety of herbicidally active imidazolinyl com 
pounds are known, still more effective imidazolinyl corn- 2 
pounds would be useful to farmers, agriculturalists, indus 
trialists and the like for the control of undesirable plant 
species. 

It is an object of the present invention to provide eifective 
herbicidal imidazolinyl o-carboxy-2-benzohetcrocyclic 
compounds and indoloheterocyclic diones for controlling a 
variety of monocotyledenous and dicotyledenous plant spe 
cies such as those species which are generally dii?cult to 
control in agronomic practice. 

SUMMARY OF THE INVENTION 

The present invention relates to 2-(2-irnidazolin~ 2-yl 
)benzoheterocyclic compounds having the structure 

COORl a. 

N 
X\ / R2 

\\. j Y-—-Z 1? R3 
B \\ 

O 

Y=X b 
I/ 

Z‘ COOR1 

Q / N R2 

1‘ R3 
B \ 

O 

O c. 

// 
N R2 

R3 

if \ 
' Y :Z N O 
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1O 
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2 
-continued 

Iv: X 0 d. 

2/’ // 
N R2 

R3 
Q \ 

N O 

0 e. 

// 

N & O 

x 

l‘ \ l R2 
Y = Z N R3 

[Y =X 0 f 

z‘, // 
N 0 

/ 

Q 
\ R2 

N R3 

wherein 
R1 is hydrogen, di(C1—C4)alkylin1in0, 

C1—C12 alkyl optionally substituted with one to three of 
the following: C1-C4 alkoxy, C1—C4 alkylthio, halogen, 
hydroxy, C3—C6 cycloalkyl, benzyloxy, furyl, phenyl 
optionally substituted with one nitro, one to three 
halogens, C1—C4 alkyl groups or C1—C4 alkoxy groups, 
carboxy, C1—C4 alkoxycarbonyl, cyano or 
tri(C1—C4)alky1amrnoniurn halide, 

C3-C12 alkenyl optionally substituted with one to three of 
the following: C1—C4 alkoxy, phenyl, halogen or C1—C4 
alkoxycarbonyl, 

C3—C6 cycloalkyl optionally substituted with one to three 
C1—C4 alkyl groups, 

C3—C16 alkynyl optionally substituted with one to three 
halogens or 

a cation; 
R2 is C1-C4 alkyl; 
R3 is C1—C4 alkyl or C3—C6 cycloalkyl, and when R2 and R3 

are taken together with the carbon to which they are 
attached they may represent C3—C,5 cycloalkyl optionally 
substituted with methyl; 

B is hydrogen, COR4 or SOZR5 with the proviso that when 
E is COR4 or SO2R5, R1 is other than hydrogen or a cation 
and R9 is other than hydrogen; 

R4 is C1—C11 alkyl, chloromethyl or phenyl optionally 
substituted with halogen, nitro or C1—C4 alkyl; 

R5 is C1—C4 alkyl or phenyl optionally substituted with 
C1—C4 alkyl; 

X, Y and Z are each independently CR6, CR7R8, N or NR9, 
with the proviso that at least one of X, Y and Z must be 
N or NR9; 

the - - ~ ~ - con?guration represents either a single bond or a 

double bond with the proviso that when any of X, Y or Z 
is CR7R8 or NR9, then the - - - - - con?guration attached 

thereto is a single bond and with the further proviso that 
at least one of the - - - - - con?gurations represents a 

single bond; 
R6, R7 and R8 are independently hydrogen, halogen, C1—C4 

alkoxy or C1—C4 alkyl optionally substituted with one 
hydroxy or one to three halogens, CFC4 alkoxy groups or 
C1—C4 alkylthio groups; 
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R9 is hydrogen or C1—C4 alkyl optionally substituted with 
one hydroxy or one to three halogens, C1—C4 alkoxy 

groups or C1—C4 alkylthio groups; 
Q is hydrogen, halogen, C1-C4 alkoxy or C1~C4 alkyl 

optionally substituted with one to three of the following: 

halogen, C1—C4 alkoxy, C1-C4 alkylthio or C2—C4 alk 
enyl; 

the optical isomers thereof when R2 and R3 are not the same 

or when R7 and R8 are not the same; 
the tautomers and geometric isomers thereof and the acid 
addition salts thereof except when R1 is a salt-forming 
cation. 

The present invention further provides processes for the 
preparation of the above-said compounds and methods for 
controlling undesirable monocotyledenous and dicotylede 
nous plant species therewith. 

Related benzoheterocyclic compounds and their herbi 
cidal use are described in co-pending patent applications, 

Ser. Nos. 07/576,643 and 07/576,645, ?led concurrently 
herewith and incorporated herein by reference thereto, now 
US. Pat. Nos. 5,283,335 and 5,180,419. 

DESCRIPTION OF THE INVENTION 

This invention relates to 2-(2-imidazolin- 2-yl)benzohet 
erocyclic compounds having the structure 

COOR‘ a. 

N 
X / R2 

\\ 
Y Z III R3 

B \ 
0 

Y =X b 

'1, 
Z cooR1 

N 
Q / R2 

l“ R3 
0 

O c 

// 
N R2 

R3 
X 
\\. \ 
Y = N 0 

Y -_-*X d. 
1 0 

Z‘ // 
N R2 

R3 
Q \ 

N 0 
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4 
-continued 

0 e. 

// 

N 0 I I / 
X 

\\\. \ 1 R2 
Y = Z N R3 

Y I X f. 
/ 0 

2/’ // 
N 0 

/ 

Q 

\ 1 R, 
N R3 

wherein 
R1 is hydrogen, di(C1~ 4)alkylimino, 

C1-C12 alkyl optionally substituted with one to three of 
the following: C1-C4 alkoxy, CFC4 alkylthio, halogen, 
hydroxy, C3—C6 cycloalkyl, benzyloxy, furyl, phenyl, 
optionally substituted with one nitro, one to three 
halogens, C1—C4 alkyl groups or C1-C4 alkoxy groups, 
carboxy, C1—C4 alkoxycarbonyl, cyano or 
tn'(C1— 4)alkylammonium halide, 

C3—C12 alkenyl optionally substituted with one to three of 
the following: C1—C4 alkoxy, phenyl, halogen or C1-C4 
alkoxycarbonyl, 

C3—C6 cycloalkyl optionally substituted with one to three 
C1—C4 alkyl groups, 

C3,—C16 alkynyl optionally substituted with one to three 
halogens or 

a cation; 

R3 is C1—C4 alkyl or (CB-C6 cycloalkyl, and when R2 and R3 
are taken together with the carbon to which they are 
attached they may represent C3—C6 cycloalkyl optionally 
substituted with methyl; 

B is hydrogen, COR4 or 802R5 with the proviso that when 
B is COR4 or SOZRS, R1 is other than hydrogen or a cation 
and R9 is other than hydrogen; 

R4 is C1—C11 alkyl, chloromethyl or phenyl optionally 
substituted with halogen, nitro or C,—C4 alkyl; 

R5 is C1-C4 alkyl or phenyl optionally substituted with 
C1—C4 alkyl; 

X, Y and Z are each independently CR6, CR7R8, NR,9 or N 
with the proviso that at least one of X, Y or Z is N or NR9; 

the - - - - - con?guration represents either a single bond or a 

double bond with the proviso that when any of X, Y or Z 
is CR7R8 or NR9 then the - - - - - con?guration attached 

thereto represents a single bond and with the further 
proviso that at least one of the - - - - - con?gurations 

represents a single bond; 
R6, R7 and R8 are independently hydrogen, halogen, C1—C4 

alkoxy or C1—C4 alkyl optionally substituted with one 
hydroxy or one to three halogens, C1—C4 alkoxy groups or 
C1—C4 alkylthio groups; 

R9 is hydrogen or C1—C4 alkyl optionally substituted with 
one hydroxy or one to three halogens, C1—C4 alkoxy 
groups or C1—C4 alkylthio groups; 

Q is hydrogen, halogen, C1-C4 alkoxy or C1—C4 alkyl 
optionally substituted with one to three of the following: 
halogen, C1-C4 alkoxy, C1-C4 alkylthio or C2-C4 alk 
enyl; 

the optical isomers thereof when R2 and R3 are not the same 
or when R7 and R8 are not the same; 
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the tautomers and geometric isomers thereof and the acid 
addition salts thereof except when R1 is a salt-forming 
cation. 
The term halogen designates F, Cl, Br or I. The term 

cation, as used in the present speci?cation and claims, 
designates alkali metals, alkaline earth metals, manganese, 
copper, iron, zinc, cobalt, lead, silver, nickel, ammonium or 
organic ammonium. The alkali metals include sodium, 
potassium and lithium. Among the organic ammonium cat 
ions suitable for use in the present invention are monoalky 
lammonium, dialkyl ammonium, trialkylarnmonium, tet 
raalkylammonium, monoalkenylammonium, 
dialkenylammonium, trialkenylammonium, monoalkyny 
larnmonium, dialkynylammonium, monoalkanolammo 
nium, dialkanolammonium, C5—C6 cycloalkylammonium, 
piperidinium, morpholinium, pyrrolidinium, benzylammo 
nium and the like. 
Among the o-carboxy-(5-oxo-2-imidazolin- 2-yl)benzo 

heterocycles described in the present invention are o-(2 
imidazolin-2-yl)indolecarboxylates, o-(2-imidazolin-2 
yl)indazolecarboxylates, o-(2-imidazolin— 
2-yl)benzirnidazolecarboxylates, o-(2-irnidazolin- 2—yl)ben 
Zotriazole carboxylates, and the like. 

There is a recognized need in agronomic practice for still 
more effective herbicidal agents and, especially, effective 
herbicidal agents which can be used in the presence of 
important agricultural crops without causing undue injury to 
said crops. Without adequate control, undesirable plant 
species can eliminate or reduce the yield of crops, reduce the 
quality and value of crops and reduce the e?icient produc~ 
tion and harvest of crops. The herbicidal imidazolinyl ben~ 
zoheterocycles of the present invention exhibit effective 
control of a wide variety of undesirable monotyledenous and 
dicotyledenous plant species and, moreover, demonstrate 
good selectivity towards important broadleaiC crops such as 
soybeans and sugarbeets. 

Herbicidally active imidazolinyl benzoheterocyclic com 
pounds having the structure 

COOR] a, 

X / N R2 

‘‘ f Y Z 1? R3 
B \\ 

O 

50 

6 
-continued 

Y :X b 
I 

l/ 
Z COOR1 

N 
Q / R2 

N R3 
I 

0 

wherein B is hydrogen and R1, R2, R3, X, Y, Z and Q are as 
described hereinabove can be prepared from their imide 

nitrile precursors having the structure of formula I. 

The nitrile groups on the formula I compounds can be 
hydrolyzed in the presence of sulfuric acid to give the 
corresponding amides and the resultant imide amides ring 
opened in the presence of an appropriate nucleophile such as 
an alkali metal alkoxide to give the ester diarnide interme» 
diates of formula II and their regioisomers. The formula II 
ester diamides can be converted to the desired compounds 
having structure a or b by reaction with phosphorous pen 
tachloride in the presence of a solvent. In the case wherein 
R6, R7, R8 or R9 contain one or more hydroxy groups, these 
hydroxy groups are converted to chloro groups by this 
reaction. The reaction sequence is illustrated in ?ow diagram 
1. 
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FLOW DIAGRAM I 

Y :X 

s’, 
Q c0012l Z cooR1 

11-12504 
01' 

2. "0R1 R2 R2 

X CONH + CONT-l2 Q CONH + CONl-I; 
\\- R3 R3 
Y : 

+isomers 

| 
I 
11 

Y =X 

|// 
Q cooRl Z cooR1 

PCI 5 
solveiit or 

N N 
X / R2 Q / R2 
\ 
\ 

= N 

Y Z I? \Z<R3 | \ R3 
\ H H O O 

a + isomers b 

The regioisomers can be separated by standard chromato- followed by acidi?cation to give the desired o-2(imidazolin 

graphic techniques such as reverse phase liquid chromatog- 2-yl)benzoheterocyclic carboxylic acids having structure a 

raphy. or b and their regioisomers as shown in ?ow diagram H. 

FLOW DIAGRAM II 

/ 0 /,Y :X //0 
Q / 2 R2 

0 or o + HZN + CONHZ 

x Q R3 

\\ \O O 
Y = Z 

IH 

1- N(C2Hs)3 
2. a NaOI-l 

b. H3O+ 

Y :X 
[I] 

Q coon Z coon 

OI‘ 

N N 
X / R2 Q / R2 

\\ 
Y 2 Z 1? Ra 1? R3 

H \ Y H \\ 
o _ 0 

a b 

+ isomers 

Alternatively, compounds having structure a or b as The regioisomers can be separated using standard chro 
60 

described hereinabove and wherein R1 is hydrogen can be matographic techniques such as reverse phase liquid chro 
prepared in 2 steps by reacting the appropriate phthalic matography. 
anhydride with an amino amide of formula III in the Another method of preparing compounds of structure a or 
presence of a base such as triethylarnine, and optionally in b as described hereinabove wherein R1 and B are hydrogen 
the presence of a solvent, to obtain the corresponding acid 65 is similar to that described in US. Pat. No. 4,758,667 
diamide intermediates and their regioisomers and ring clos- wherein a diester of formula IV is treated with an alkali 
ing said intermediates in an aqueous alkali metal base metal alkoxide such as potassium t-butoxide and an ami 
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noamide of formula III in the presence of an inert solvent 
such as Xylene and sequentially treated with an aqueous acid w 
to give the desired imidazolinyl benzoheterocycles as shown 0 
in ?ow diagram III wherein R10 is C1—C8 alkyl. Q // 

5 
FLOW DIAGRAM n1 R2 

———————-———————-———-— c. N or 

R 
Q c001210 R2 X \ i 3 

\ 

+ H N + CONH \\ 
2 R 2 Y :2 N 0 

COOR 3 10 
X\ 10 Y :x 
\\ __v 1‘ KOt-Bu / /0 
Y _ Z 2. H30 2 / 

‘OR 
IV III d N R2 .___>1 

1 R3 
5 Q \ 

Y :X 
[1' N 0 
Z Q COOH COOH Q C 0 0R1 

+ 
N N 20 a or 

X / R2 Q / R2 N R 

\\ \)< X‘ / 2 - N N \\. 
Y—Z [ R3 | R3 y :Z N \% 

R3 
0 O 

a b 

Compounds having structure c and d can be prepared 
from the appropriate imide nitriles of formula I by the acid 
hydrolysis of the nitrile groups to give the corresponding 
imide amides and the cyclization thereof in the presence of 
an alkali metal hydride such as sodium hydride to give the 
desired indoloheterocyclic diones as shown in ?ow diagram 
IV. 

FLOW DIAGRAM IV 

/ 0 / 
n so Q R2 

2 4 Nal-I 

I —>CH2C1Z N + CONHZ 
X R3 

\\ \O 
:2 

/O // O Q / Z' // 

c. my‘; R2 + d, ]@N R2 R3 R3 

\ \ i Q \ i 
Y==z N 0 N 0 

Compounds having structure a or b wherein R1 is other 

than hydrogen and B is hydrogen may be prepared from 
compounds having structure c or d by reacting said com 

pounds with an appropriate nucleophile such as an alkali 

metal alkoxide as shown in flow diagram V. 
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-continued -continued 
FLOW DIAGRAM v FLOW DIAGRAM VI 

/Y -—-X 
1, Y —_—X 
. I 0 
Z 000R 5 ? 

1 Z // 
bi 

Q / N R2 f. N /0 

Q 
\ 

I? \2<R3 10 N R2 R3 B \0 

Com ounds of structure 0 and d wherein Z is NR,9 or N, 
Compounds having structure e or f can be prepared by X d; CH d _ h dr b dfr th 

reacting the o-(2-imidazolin-2-yl)benzoheterocyclic car- 15 an _am _an Q is y Ogen can e Prepare om e 
boxylic acids having structure a or b wherein B is hydrogen appropnate 3'vmy1pyrr0le by the fonnanon of the cone‘ 
with dicyclohexylcarbodiimide (DCC) in the presence of a Spondmg lmlde mmle lntermedlate of formula I “a a 
non-protic solvent as shown in ?ow diagram VI. Diels-Alder reaction with a suitably substituted maleimide 

FLOW DIAGRAM VI 20 nitrile of formula V, followed by oxidation using an oxidiz 

COOH ing reagent conventional in the art such as manganese 

Q dioxide to achieve the desired oxidation state. Formation of 

a N or the 3-vinylpyrrole starting material is accomplished via a 

X‘ / R2 25 Wittig reaction. The thus-formed imide nitrile intermediate 
\ 

‘v22 HN R of formula I can be converted to the desired indolohetero 
3 

\ cyclic diones of formula VI by the reaction sequence 
0 described hereinabove and illustrated in ?ow diagram IV. 

,Y '_'X 30 The reaction scheme is shown below in ?ow diagram VH. 

i coon 

DCC 
b' N R CHgClg> 

Q / 2 35 

HN R3 

\ 
0 

O 40 

Q // 

e. @ZN Q or X 

\\. \ IR: 45 
Y=Z N R3 

FLOW DIAGRAM vII 

CHO _‘ 

1/ + CH3PPh3BR % / \ 
Z Z 

'— O O 

// // 
/ \ R2 1 CH0 R2 1 1-1 so - 3 - 2 4 

Z + | N+CN W N +CN W 
R3 R3 

0 \ 0 
Z 

I 
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-continued 
FLOW DIAGRAM v11 

0 — O 

// Z // 

N R2 + N R2 

R3 R3 \ \i \i O N O 

I 

Z N 

I 
VI 

And as described hereinabove, the formula VI diones may 15 FLOW DIAGRAM V111 
be converted to the corresponding imidazolinyl benzohet- O 0 
erocycles of structures a and b as shown in ?ow diagram V ‘ ‘ 
wherein Z is NR9 or N, X and Y are CH2 and B and Q are 
hydrogen. > 

Similarly, compounds having structures a, b, c and d 20 + RSNHNHZ 
wherein X is NR9 or N, Y and Z are CH2 and B and Q are 0 
hydrogen can be prepared from 2-pyrrolecarboxaldehyde by 
repeating the reaction sequence shown in ?ow diagrams VII 
and V, respectively as shown below. 

X 

//0 / //0 
——> ——> N 2 N —————> 

X CHO R3 R3 

X \ i \ i 
_— N O N O 

/ 
COOR] COOR] 

45 
Compounds having structure a wherein X and Y are N or 

NR9, Z is CR6 and B and Q are hydrogen are prepared from 
2-keto-1,3-cyclohexanedione in the following manner: con 
densation of said dione with the appropriately substituted 
hydrazine affords the l,3-disubstituteddihydroindazolone 50 
of formula VII; treatment of the formula VII intermediate 
with sodium hydride and ethyl carbonate gives the tetrahy- RQN O W 
droindazole- S-carboxylate of formula VIII; treatment of the 
formula VIH ketone with tnirnethylsilyl cyanide and zinc 
iodide followed by deprotection/dehydration gives the dihy- 55 R6 
dro-4-cyanoindazole-5-carboxylate of formula IX; dehydro- vn 
genation of the formula IX compound and subsequent 
treatment of the reaction product with hydrogen bromide COZCZHS _ 

and acetic acid yields l,3-dimethyl- lH-indazole-4,5-dicar- % 
boxylic acid; acetic anhydride treatment affords the corre- 60 Znlz 
sponding anhydride which can be regiospeci?cally ring RBN 0 
opened with the appropriate formula III aminoarnide and \ 
converted to the desired imidazolinyl benzoheterocycle hav 
ing structure a as demonstrated in flow diagram 11. The R6 
reaction sequence is illustrated in ?ow diagram VIII. 65 V111 
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Imidazolinyl indazoles having structure b wherein X is 
CR6 and Y and Z are N or NR9 can be prepared from the 
diketal of the appropriately substituted ketoacetaldehyde as 
shown in ?ow diagram IX. 

FLOW DIAGRAM IX 

R6 R6 

\ 0 / \ 
POCI O W3 Y» 

N N 
R9 R9 

10 

50 

55 

60 

65 

16 
~continued 

FLOW DIAGRAM IX 

R6 

/ \ 
| N 

/ 
N 

C — COzCH3 

X + ||| % 
C — COZCH3 

COzCI-Ig 
\ 
N — N—R9 

XI 

N — N—R9 

KOtBu / 
x1 —-% R2 R6 COOl-I 

HZN CONT-I2 
N 

R3 / R2 

111 I? \)< R3 
n \\ 

O 

Condensation of the dimethyl acetal of an appropriately 
substituted ketoacetaldehyde with a suitable hydrazine fol 

lowed by acid treatment gives the l,5-disubstituted pyrazole 
as shown. Treatment of said pyrazole with phosphorus 
oxychloride and dimethyl formamide (DMF) followed by a 
Wittig reaction affords the formula X vinylpyrazole. Diels 
Alder reaction of the formula X pyrazole with dimethyl 
acetylenedicarboxylate gives the desired formula XI diester 
which can then be coverted to the imidazolinyl indazole 

product using the procedure illustrated in ?ow diagram III. 
o-Imidazolinyl benzimidazolecarboxylates having struc 

ture a and b can be prepared from their common precursor, 

a 4-carboxamidophthalate, which is derived from the acy 
lation of 4-aminophthalate. Using the nitration procedure 
described by R. L. Williams and S. W. Shalaby in the Journal 
of Heterocyclic Chemistry, 1973, (10), 891 affords the 
intermediates of formula XH and XIII. Separation of com 

pounds XII and XIII is accomplished via fractional recrys~ 
tallization. Hydrogenation of compound XIII followed by 
cyclization of the resultant arnidoaniline gives the benzirni 
dazole dicarboxylate of formula XIV. The formula XIV 
diester can be converted directly to the imidazolinyl benz 
imidazoles of structures a and b using the methods as 

described hereinabove and illustrated in ?ow diagrams l1 
and III. Alternatively, the formula XIV diester can be 

alkylated with a suitable alkylhalide to give the benzimida 
zoledicarboxylate of formula XV which is converted to the 
desired irnidazolinyl benzimidazole having structure a and b 
in the manner shown in ?ow diagrams H and 111. The 

reaction sequence starting with the appropriate 4-carboxa 
midophthalate is shown in ?ow diagram X. 
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FLOW DIAGRAMX 

CO2CI'I3 
O I‘INO3 

l 
Réxl CO2CI-I3 

H 

OZN CO2CH3 COZCH3 
O + O 

i i 
R6 I CO2CI-I3 R6 I COgCHg 

H H N02 

XII XIII 

CO1CH3 
“ CO1CI'I3 

H1 0 CI'I3COOI'I 
XIII ?at/C i —-———-———> 

R6 CO2CI'I3 CO CH I EN 2 3 

H NHz 

w 
R6 

XIV 

R6 

w 
cooR1 PIN COOR1 

Xw ——> % + 
N R N R 

HN / 2 / 2 

" N >> N R3 ‘ \)<R3 
R6 H \\ H \\ 

O O 
a b 

l/Rg-Halogen 
R6 

>: N 
CO2CH3 COOR} RQN COOR1 

% + 
N N 

RgN CO2CH3 RgN / R2 / R2 

_ — N 

O 0 

Similarly, the intermediate of formula XII can be con 

verted to the o-imidazolinylbenzimidazole carboxylates of 55 

formulas XVI and XVII as shown in ?ow diagram XI. 

FLOW DIAGRAM XI 

I | 
H H 
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-continued 
FLOW DIAGRAM XI 

H H 

llq COZCHQ llq C0OR1 
R6 —<\ -% % R6 —<\ N 

N COZCH3 N / R; 

I R3 
\ 
0 

XVI 

\LRg-l-lalogen 
R9 R9 

liq cozcn3 1L COOR1 
R64 % _> M N 

N CO2CH3 N / R2 

I R3 
H O 

+ isomer 

XVII 

a I - - - - I - - - 

Inudazohnyl benzimidazole compounds where1n R6 1s tuted benzmudazole dicarboxylate 1S converted to the 

gydélogen can prégilregrfrlonf coircnt?oundaof formulagghn desired compounds having structure a or b wherein X and Z 
y esequentl act y oysiso earm egroupan e . . . _ 

reduction of the nitro group via catalytic hydrogenation to are N or NR9 and Y 15 Thefonverslo'ni of the dlcar 
give the diamine of formula XVIII. Treatment of the diamine 35 boxylates t0 the ?nal lmldazolmyl benzlmldazole com 
with formic acid and azeotropic removal of water a?o‘rds the pounds is shown in ?ow diagrams H and IH, and the reaction 
bFnzmudazole dlcarboxylate .of formula XIX whlfm ‘8 then sequence starting with compounds of formula XIII is shown 
d1rect1y converted to the desired compounds havmg struc- _ _ 
ture a or b wherein X and Z are N and Y is CH or the formula below 1“ ?ow dlagram XH' 
XVIII diester is alkylated as shown above and the substi 

FLOW DIAGRAM XII 

COzCHg CO2CH3 
O 1. H2804 

AL 2. H1Pt/C > 
R6 I CO2CH3 H2 COzCHg 

H N02 N01 

XIII XVIH 

HCOZH 
XVIII —?20 

XIX 

Rg-Halogen \ 

\ 
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-continued 
FLOW DIAGRAM XII 

/: N 

COgCI'Ig cooRl PIN 000121 

N N 
Rg-N COZCHB HN / R1 / R1 

\; \: N N N N I \)<R3 I R3 
H \\ H \\ 

O 

a b 

__ N /_ 
COOR1 R9—N c00121 

N N 
Rg-N / R2 / R2 

\: j j N N I R3 . R3 
H \\ H \\ 

0 

a b 

Compounds of the invention having structures a and b described hereinabove for the benzirnidazole diesters of 
wherein X, Y and Z are independently N or NR9 are 
prepared using the diamine of formula XVIII Reaction of 
said diamine with isoamyl nitrite in the presence of acetic 
acid affords the benzotriazole diester of formula XX which 
is then converted to the desired compounds having structure 
a and b wherein X, Y and Z are N or NR9 in the manner 

35 formula XIV and XIX. The reaction scheme is illustrated in 

How diagram XIII. 

FLOW DIAGRAM XHI 

COZCH3 CO2CI'I3 
i-C5I-IHONO 
CH3COOH 5 

NH; (102C143 HN COZCHB 
\ 
N Z N 

XVIII XX 

Rg-Halogen 

l 
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-continued 
now DIAGRAM x111 

COzCHg cooRx 

N R 
Rg-N CO1CH3 HN / 2 

\ \ j N = N N = N N 

l \\ R3 
n 

0 

3. 

N = N 

/ 
cooR1 R9—N COOR1 

N R2 N 

Of course, all of the compounds hereinabove described 
having structure a or b wherein R1 and B are hydrogen can 
be converted to the corresponding irnidazolinyl indolohet 
erocyclic diones having structure e and f by repeating the 
procedure illustrated in flow diagram VI. The corresponding 
irnidazolinyl indoloheterocyclic diones having structure 0 
and d can be prepared by reacting said imidazolinyl benzo 
heterocycles with an acid anhydride, optionally in the pres 
ence of a solvent, as shown in ?ow diagram XIV. 

FLOW DIAGRAM XIV 

Y =x 

[I] 
Z Q COOH 

35 

40 

24 

N = N 

/ 
cooR1 

/ N R2 

| R3 
\ 
o 

b 

Compounds having structure a or b wherein R1 is other 
than hydrogen or a cation, R9 is other than hydrogen and B 
is COR4 or SOZR5 may be prepared by reacting compounds 
having structure a or b wherein R1 is other than hydrogen or 
a cation, R9 is other than hydrogen and B is hydrogen with 
an acyl halide such as an acyl chloride or a sulfonyl halide 
such as a sulfonyl chloride to obtain the desired products 
wherein B is COR4 or SOZRS. The reaction is shown in ?ow 
diagram XV. 
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FLOW DIAGRAM XV 

YIIX 

Rs 

Alternatively, compounds having structure a or b wherein 
R1 is other than hydrogen or a cation, R9 is other than 
hydrogen and B is COR4 may be prepared by reacting 
compounds having structure a or b wherein R1 is other than 
hydrogen or a cation, R9 is other than hydrogen and B is 
hydrogen with an acid anhydride of formula (R4CO)2O. 

The irrtidazolinyl benzoheterocyclic compounds of the 
present invention are highly e?’ective for controlling a 
variety of undesirable monocotyledenous plant species such 
as bamyardgrass, foxtail, purple, nutsedge, wild oats, quack 
grass and the like and dicotyledenous plant species such as 
?eld bindweed, matricaria, morningglory, wild mustard, 
ragweed, velvetleaf and the like. Control of the above-said 
plant species can be achieved by applying the compounds of 
the invention to the foliage of said plants or to soil or water 
containing seeds or other propagating organs thereof at rates 
of about 0.016 to 4.0 kg/ha. 

Surprisingly, it has been found that certain compounds of 
the invention are well tolerated by broadleaf crops such as 
soybeans and sugarbeets when said compounds are applied 
to the foliage of said crops or to soil containing the seeds or 
propagating organs thereof at rates of about 0.016 to 1.000 
kg/ha. 

Soybeans are an increasingly important worldwide source 
of high quality protein and are the most important edible 
legume produced today. Sugarbeets are a major source of 
sugar in North America, approximately one-third of the 
sugar consumed comes from sugarbeets. In Europe, sugar 
beets are the primary source of re?ned sugar. By combining 
weed control with crop tolerance, the application of the 
compounds of the invention promotes improvement in ?eld 

45 

50 

55 

60 

65 

26 

management, time of harvest and quantity and quality of 
harvest. 
The imidazolinyl benzoheterocyclic compounds may be 

applied in the form of liquid sprays such as aqueous con 
centrates, emulsi?able concentrates and the like or as solid 
formulations such as wettable powders, dispersable granu 
lars, granular formulations and the like. 
When the herbicidally active compounds are water 

soluble, the may simply be dissolved in water and applied as 
an aqueous spray. Said compounds may also be formulated 
as emulsi?able concentrates and diluted with water just prior 
to spray application. A typical emulsi?able concentrate 
composition can be prepared by dissolving about 5% to 25% 
by weight of the active compound in about 65% to 90% by 
weight of N-methylpyrrolidone, isophorone, butyl cello 
solve, methyl acetate or the like and dispersing therein about 
5% to 10% by weight of a nonoionc surfactant such as an 
alkylphenoxy polyethoxy alcohol. 

Wettable powder compositions can be prepared by grind 
ing together about 20% to 45% by weight of a ?nely divided 
carrier such as kaolin, bentonite, diatomaceous earth, atta 
pulgite or the like with about 40% to 80% by weight of the 
herbicidally active compound and about 2% to 5% by 
weight of a nonionic surfactant such as an alkyl phenoxy 
polyethoxy alcohol. 

Typical granular products can be prepared by dissolving 
the active compound in a solvent such as methylene chlo 
ride, N-methylpyrrolidone or the like and spraying the 
resultant solution on a clay carrier such as attapulgite, or 
kaolin or the like in such a manner so as to produce about 
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3% to 20% by weight of the active compound and about 
80% to 97% by weight of the carrier. 

In order to facilitate a further understanding of the inven 
tion, the following examples are presented primarily for the 
purpose of illustrating certain more speci?c details thereof. 
The invention is not to be deemed limited thereby except as 
de?ned in the claims. 
The term kg/ha designates kilograms per hectare. The 

terms NOE, 1HNMR and IR designate nuclear Overhauser 
effect, proton nuclear magnetic resonance and infrared, 
respectively. The term HPLC designates high pressure liquid 
chromatography. All parts are parts by weight, unless oth 
erwise noted. 

EXAMPLE 1 

Preparation of Dimethyl 
4-acetarnido~5~nitrophthalate (I), and dimethyl 

4-acetamido-3-nitrophthalate (H) 

COOCHg 
90% HNO3 
—_> 

CH3C0 COOCHg 
H 

No; COOCH; 

CH3CO COOCH; 
H 

I 

+ 

C0OCH3 

CH3CO COOCH3 
H 

No; 
II 

Dimethyl 4-acetamidophthalate (100.4 g, 0.400 mol) is 
added to fuming nitric acid (90%, 600 mL) at 0° C. to 5° C. 
When the addition is completed (0.5 hour), the mixture is 
stirred 2.5 hours at 0° C. to 10° C., combined with cold 
methylene chloride and shaken with crushed ice. The aque 
ous layer is separated and extracted further with methylene 
chloride. The combined organic layers are washed with ice 
water, sodium bicarbonate solution and cold water, dried 
(MgSO4) and concentrated in vacuo to give a solid residue. 
The residue is recrystallized twice from methanol to afford 
the title product I as orange-brown needles, mp 1l9°—120° 
C. The original mother liquor is concentrated in vacuo, and 
the residue is recrystallized several times from carbon 
tetrachloride to alford the title compound H as light yellow 
needles, mp l24°—125° C. The yield of compound I is 38.9 
g (32.9%), and the yield of compound II is 33.1 g (28.1%). 
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EXAMPLE 2 

Preparation of Dimethyl 
2~methyl-4,5-benzimidazoledicarboxylate 

COOCH3 1. H2, 5% Pd/C 

2. CH3COOH E 
CH3CO COOCH3 

N02 

COOCH3 

COOCH3 
HN 

/ 
N 

CH3 

A mixture of dimethyl 4-acetarnido-3-nitrophthalate 
(142.1 g, 0.480 mol) in methanol with 5% platinum on 
carbon catalyst is hydrogenated on a Parr hydrogenator at 
room temperature. The reaction mixtures is ?ltered through 
diatomaceous earth and concentrated in vacuo to afford a 
solid residue. This solid is dispersed in glacial acetic acid 
and toluene, and heated with stirring at re?ux temperatures 
for 4 hours with azeotropic removal of water. The resultant 
hot reaction mixture is slowly added to a saturated sodium 
bicarbonate solution with vigorous stirring, ?ltered and the 
?lter cake dried to give the title product as a white solid 
(71.6 g, 60.1%), mp 97°—103° C. 

EXAMPLE 3 

Preparation of 
2-Methyl-4,5-benzimidazoledicarboxylic acid 

COOCH3 
1. NaOH 5 
2. HCI 

coocu; 
HN 

N 

>& 
CH3 

COOH 

COOH 
HN 

N 

>% 
CH3 
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A mixture of dimethyl 2'methyl-4,5-benzimidazo1edicar 
boxylate and 8 equivalents of 10N sodium hydroxide is 
stirred 4 hours at 70° C., cooled and acidi?ed with hydro 
chloric acid to aiford the title product as cream-colored 
crystals, mp 270° C. (dec). 

EXAMPLE 4 

Preparation of 
4-(4-Isopropy1~4-methy1<5—oxo—2-imidazolin 

2-yl)-2-methyl-4-benzimidazole carboxylic acid (I) 
and 5-(4-isopropyl-4-methyl-5-oxo-2-imidazolin 
2-yl)-2-methyl-4-benzimidazolecarboxylic acid (H) 

4:1 mixture 

1. CH3COOH 
CH3 

COOH | 

2. H3N—|C—CONH2 
CH(CH3)2 

COOH 3. NaOI-I 
HN 4. Ht 

N 
/ 

CH3 

COOH 

N 
/ CH3 

PIN 

>¢ N If \ curcum 
n \ 

CH3 0 
I 

+ 
CH3 

\ N 

HN 

COOH 

/ CH3 

N 
H CH(CH3); 

O 
H 

A mixture of 2-rnethyl-4,5-benzimidazoledicarboxylate 
(5.00 g, 22.7 mmol) and acetic anhydride is stirred for 6 
hours at re?ux temperature, cooled and concentrated in 
vacuo to give a residue. The residue is taken up in aceto 
nitrile and treated with ot-methylvaliramide (5.90 g, 45.3 
mmol). The resultant mixture is stirred for 15 hours at re?ux 
temperature, cooled and allowed to stand overnight. The 
solidi?ed reaction mixture is taken up in 5N sodium hydrox 
ide, heated at re?ux temperatures for 10 hours with stirring, 
and ?ltered hot. The ?ltrate is acidi?ed to pH 4 with 
concentrated HCl to afford a brown solid precipitate which 
is removed by ?ltration. The brown solid is heated in 
methanol, ?ltered hot, and the ?ltrate is concentrated in 
vacuo to aiford the title product as a 4:1 ratio of 1111, 
respectively, as a yellow powder (0.93 g, 13.0%), mp 256° 
C. (dec). 
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EXAMPLE 5 

Preparation of Dimethyl 
1,2-dimethyl-4,5-benzimidazoledicarboxylate 

COOCH3 

+ Naocuj + CH3I % 

cooca; 
HN 

N 
/ 

CH3 

COOCH3 

COOCH3 
CH3—N 

N 
/ 

CH3 

Sodium methoxide (1.98 g, 36.6 mmol) is added to a 
solution of dimethyl 2-methy1-4,5-benzimidazoledicarboxy 
late (7.44 g, 33.3 mmol) in methanol and tetrahydrofuran. 
After 5 minutes, iodomethane (2.18 mL, 35.0 mmol) is 
added and the mixture is stirred for 24 hours at room 
temperature. Additional sodium methoxide (1.80 g, 33.3 
mmol) and iodomethane (2.07 mL, 33.3 mmol) are added 
and stirring is continued for another 15 hours. The reaction 
mixture is concentrated in vacuo to give a residue which is 
dispersed in dilute hydrochloric acid, and treated with 
sodium bicarbonate to pH 8 and extracted with chloroform. 
The combined organic extracts are dried (MgSO4) and 
concentrated in vacuo to give a residue which is recrystal 
lized from ethyl acetate to a?ord the title product as an 
orange solid, mp 205°—208° C. 

EXAMPLE 6 

Preparation of 
1,2-Dimethy1-4,5-benzimidazoledicarboxylic acid 

COOCH3 
NaOH E 

COOCH3 
CH3~N 

N 
/ 

CH3 

COOH 

COOH 
CH3 — N 

N 
/ 

CH3 

A mixture of dimethyl 1,2-dimethyl-4,5-benzirnidazolidi 
carboxylate (1.70 g, 6.49 mmol) and 2N sodium hydroxide 
(25 mL, 12.5 mmol) is stirred for 5 hours at 100° C. The 
mixture is cooled, acidi?ed to pH 4 with hydrochloric acid 
and ?ltered to a?ord the title product as a white powder 
(1.32 g, 86.8%), mp 305°—308° C. (dec). 
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EXAMPLE 7 -continued 
CH3 
_ N 

Preparation of 5 (Ilia-N COOH 

l,2-Dimethyl-4,S-benzirnidazoledicarboxylic CH3 

anhydride CONH-—|C—CONHZ 
COOl-I CH(CH3)2 

(Cl-l3CO)2O 10 
a II 

COOH 

CH3—N 
/ N A mixture of l,2-dimethyl-4,5-benzimidazoledicarboxy 

lic anhydride (0.830 g, 3.85 mmol), oc-methylvaliramide 
CH3 15 (0.550 g, 4.22 mmol) and acetonitrile is stirred for 4 hours 

0 at re?ux temperature, cooled overnight and ?ltered to a?’ord 
// the title product as a white solid (1.24 g, 93.2%), mp 

246°~248° C., identi?ed by 1HNMR as a 4:1 mixture of 
0 20 compound I and compound H, respectively. 

CH3_N 0 EXAMPLE 9 
N 

/ 

>/ Preparation of 
CH3 25 4-(4-Isopropyl-4-methyl-5-oxo-2-imidazolin 

2-yl)-l,2-dimethyl—5-benzimidazolecarboxylic acid 

A mixture of 1,2-dimethyl-4,5-benzimidazoledicarboxy- COOH 

lic acid (1.00 g, 4.27 mmol) and acetic anhydride (10 mL) CH3 
is stirred 4 hours at re?ux temperature, allowed to stand 30 I 

_ _ CONH——C—CONH2 % 
overmght at room temperature and ?ltered to afford the title CH3_N I 
product as yellow crystals (0.830 g, 89.8%), mp 295° C. / N cmc?sh 

(dec). >/ 
CH3 

35 

COOH 

EXAMPLE 8 

/ N CH3 

40 CH_N 

Preparation of >; N I? CH(CH3)2 
4-[(l-Carbamoyl-l,2-dimethylpropyl)-carbam0yl]- CH H \ 0 

3 l,Z-dimethyl-6-benzimidazolecarboxylic acid (I) 
5-[(l-carbamoyl-l,2-dimethylpropyl)carbamoyl]-1,2 
dimethyl-4-benzimidazolecarboxylic acid (H), 4.1 45 A solution Pf 4-[(1-°aIbaI_n°y1-ll-dimethylyropyll-cqe 

bamoyl]-1 ,2-drmethyl-6-benzrnudazolecarboxyl1c acid 
mm” (5.70 g, 16.5 mmol) and ION sodium hydroxide (9.88 mL, 
0 98.8 mmol) is stirred for 3 hours at re?ux temperatures, 

// CH3 cooled to 0° C. and acidi?ed to pH 4 with hydrochloric acid 
I CH CN 50 and ?ltered. The ?lter cake is dried to give the title product 

O+HZN—CONHZ % as a white solid (4.11 g, 75.8%), mp 280°—285° C. (dec). 
CH(CH3)2 

CHg-N 0 EXAMPLE 10 

>; N 55 
CH3 Preparation of 9-Isopropyl-2,3,9-trimethylimidazo 

[1’,2': l ,2]pyrrolo[3,4-e]benzimidazole-6,8(3H,9H)-dione 
COOH 

CH3 COOH 
l 60 

CONH—C—CONl-I2+ N 
CH -—N l CH3 DCC E 

3 / N CH<CH3>2 CHFN / 

>/ >y N If CH(CH3)2 
CH3 65 1-1 \ 
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-continued 
0 

// 

N %O 

CH3—N \ CH3 
/ N N CH(CH3)1 

CH3 

A mixture of 4'(4-is0propyl-4'methyl-5-oxo- 2-imidazo 
lin-2-yl)- 1 ,2- dimethyl-S-benzimidazolecarboxylic acid 
(0.942 g, 2.87 mmol), dicyclohexylcarbodiimide (0.590 g, 
2.87 mmol) and tetrahydrofuran is stirred for 3 hours at 
re?ux temperature, cooled and concentrated in vacuo. The 
residue is chromatographed (silica gel, ethyl acetate eluent) 
to afford the title product as a white powder (0.210 g, 
23.6%), mp 258°— 263° C. 

EXAMPLE 11 

Preparation of Methyl 
4-(4~isopropyl-4-methyl-5-ox0 

2-imidazolin-2-yl)-l,2-dimethyl-5— 
benzimidazolecarboxylate 

COOH 

N CH3 CHZNZ 

H 
CH3 

A solution of diazomethane in ether is added dropwise to 
a solution of the 4-(4-isopropyl-4_methyl-5-oxo-2-irnidazo 
lin-2-yl)- 1 ,2-dimethy1-5-benzimidazolecarboxy1ic acid 
(2.50 g, 7.61 mmol) in methanol until the yellow color 
persists. The reaction mixture is neutralized with acetic acid 
and concentrated in vacuo. Preparative HPLC (silica gel, 
ethyl acetate eluent) a?ords the title product as o?-white 
crystals (0.750 g, 28.9%), mp 240°— 242° C. 

EXAMPLE 12 

Preparation of Dimethyl 
l-benzyl-2-methyl-4,5-benzimidaz0ledicarboxylate 

COOCH3 

COOCH3 

CH3 
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-continued 

COOCH3 

COOCH3 

Sodium hydride (0.750 g, 80% oil dispersion, 25.0 mmol) 
is added, in portions, to a solution of dimethyl 2-methyl-4, 

S-benzimidazoledicarboxylate (6.07 g, 24.6 mmol) in dry 
dimethylformamide at 0° C. with stirring. After evolution of 

hydrogen ceases, benzyl bromide (2.93 mL, 24.6 mmol) is 
added to the reaction mixture and stirring is continued for 16 

hours. The reaction mixture is concentrated in vacuo and the 

resultant residue is dispersed in methylene chloride and 

water. The phases are separated and the aqueous phase is 

extracted with methylene chloride. The organic phases are 

combined, dried and concentrated in vacuo to afford a solid 

residue. Recrystallization of the solid from ethyl acetate 

aifords the title product as an off~white powder (3.81 g, 

45.0%), mp l92°—195° C. 

EXAMPLE 13 

Preparation of 
1-Benzyl~2-methyl-4,5-benzimidazoledicarboxylic 

acid 

COOCH3 
l . NaOH E 
2. HCl 

COOCH3 
C5H5 — CH2 — N 

N 
/ 

CH3 

COOH 

COOH 
C6H5 — CH2 — N 

N 
/ 

CH3 

A mixture of dimethyl 1-benzyl-2-methyl-4,5-benzirnida 

zoledicarboxylate (5.50 g, 16.2 mmol), methanol, lON 
sodium hydroxide (13 mL, 130 mrnol) and water is stirred 
for 4 hours at 70° C., cooled, acidi?ed to pH 4 with 

hydrochloric acid and ?ltered to afford the title product as an 

off-white solid (4.94 g, 98.4%) , mp 224°—226° C. 
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EXAMPLE 14 

Preparation of 
1-Benzyl-2-methyl-4,5-benzimidazoledicarboxylic 

anhydride 

CO0H 

(CH3CO)20 
—> 

COOH 
C6115 — CH; —N 

N 
/ 

CH3 

0 

// 

O 

C6H5—CH2—N \ O 
N 

>& 
CH3 

A mixture of the 1-benzyl-2~methyl-4,5-benzimidazoledi 
carboxylic acid (4.40 g, 14.2 mmol) and acetic anhydride is 
stirred for 5 hours at re?ux temperature, cooled to 0° C. and 
?ltered to give the title product as a pale yellow solid (3.78 
g, 91.1%), identi?ed by 1HNMR spectrography. 

EXAMPLE 15 

Preparation of 1-Benzy1-4-[(1-carbam0y1-1,2 
dimethylpropyDcarbamoyl]-2-methyl-5-benzimidazole 
carboxylic acid (I) and 1-benzy1-5-[ (l-carbamoyl 

1,2 -dimethylpropyl)-carbamoy1]-2-methyl-4 
benzimidazolecarboxylic acid (II), 4:1 mixture 

0 

// 

0+ 

ICH3 

/ 
N cmcnm 

CH3 
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-continued 
CH3 

_ N $13 
C5115 —- CH2 —N 

A mixture of 1-benzyl-2-methyl-4,5-benzin1idazoledicar 

boxylic anhydride (3.70 g, 12.7 mmol), ot-methylvaliramide 
(1.70 g, 13.0 mmol) and acetonitrile is stirred for 6 hours at 

re?ux temperature, cooled to 0° C. and ?ltered to afford the 

title product, a 4:1 mixture of compound I and compound H, 

respectively, as an off-white powder (4.08 g, 76.1%), mp 
194°—196° C. Product ratio is determined by 1HNMR spec 
tral analysis. 

EXAMPLE 16 

Preparation of 
1-Benzyl-4-(4-isopropyl-4-methyl-5-oxo 

2-imidazo1in-2-yl)-2-methy1-5-benzimidazolecarboxylic 
acid 

COOH 

CH3 

CONH—(IZ—CONHZ% H —CH -—~N 
C6 5 2 N CH<CH3>2 

>¢ 
CH3 

COOH 

/ N CH3 

C6H5—Cl-I2—N 

>% N 1]‘ CH<CH3>Z 
\ 

CH3 H 0 

A mixture of 1-benzyl-4_[(1-carbarnoyl-1,2-dimethylpro 
pyl)carbamoyl]~2-methyl-S-benzimidazolecarboxylic acid 
(3.58 g, 8.47 mmol), 10N sodium hydroxide (5.08 mL, 50.8 
mmol) and water is stirred for 4 hours at re?ux temperature, 

cooled, acidi?ed to pH 4 with hydrochloric acid and ?ltered. 

The ?lter cake is recrystallized from acetonitrile to give the 

title product as an off-white powder (1.06 g, 31.0%), mp 

198°—208° C. (dec). 
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EXAMPLE 17 

Preparation of Methyl 
1~benzyl~4-(4-isopropyl-4-methyl 

5—oxo-2-imidazolin-2-yl)-2-methyl-5 
benzimidazolecarboxylate 

COOH 

COOCH3 

CHZNZ 
——> 

CH3 

NCH3 

CH3 

A solution of diazomethane in ether is added to a suspen 
sion of l<benzyl-4-(4-isopropyl-4-methyl~5-oxo~ Z-imida 
zolin-2-yl)-2-methyl-S-benzimidazolecarboxylic acid (1.15 
g, 2.84 mmol) in methanol until the yellow color persists. 
The reaction is stirred for 5 minutes, quenched with 2 drops 
of acetic acid and concentrated in vacuo. The resultant 
residue is puri?ed by HPLC (silica gel, ethyl acetate eluent) 
to give the title product as a white powder (0.480 g, 40.3%), 
mp 194°—196° C. 

EXAMPLE 18 

Preparation of Dirnethyl 
1-ethyl-2-n1ethyl-4,5-benzimidazoledicarboxylate 

COOCH3 
CH3CH2I 

COOCH3 
HN 

N 
/ 

CH3 

COOCH3 

COOCH3 
CH3CH2—N 

N 

>& 
CH3 

Sodium hydride (1.38 g, 46.0 mmol, 80% oil dispersion) 
is added in portions to a solution of dimethyl 1-benzyl-2 
methyl-4,5-benzimidazoledicarboxylate (10.9 g, 43.8 
mmol) in dry dimethylformamide at 0° C. After evolution of 
hydrogen ceases, ethyl iodide (3.68 mL, 46.1 mmol) is 
added. The reaction mixture is stirred at room temperature 
overnight, treated with ethyl acetate, and ?ltered. The ?ltrate 
is concentrated in vacuo; the resultant residue is recrystal 
lized from 50% ethyl acetatezhexanes to yield the title 
product as a light yellow powder (3.84 g, 31.7%), mp 
126.5°—128° C. 
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EXAMPLE 19 

Preparation of 
1-Ethyl-2-methyl-4,5-benzimidazoledicarboxylic 

acid 

COOCH3 
1. N aOH E 
2. H+ 

COOCH3 
CH3CHZ—N 

N 
/ 

CH3 

COOH 

COOH 
CHgCHz —N 

N 
/ 

CH3 

A mixture of dimethyl 1-ethyl-2-methyl-4,5-benzimida 
zoledicarboxylate (5.30 g, 19.2 mmol), methanol and 5N 
sodium hydroxide (30 mL, 150 mmol) is stirred for 4 hours 
at 100° C., cooled, acidi?ed with hydrochloric acid and 
?ltered to give the title product as a lemon yellow powder 
(4.07 g, 85.5%), identi?ed by 1HNMR spectral analysis. 

EXAMPLE 20 

Preparation of 
1-Ethyl-2-methyl-4,5,-benzirnidazoledicarboxylic 

anhydride 

COOH 

(cmcoho 

COOH 

CH3CH2—N 
N 

/ 

CH3 

0 

// 

0 

CH3CH2—N 
N 0 

>y 
CH3 

A mixture of 1-ethyl-2-methyl-4,5-benzimidazoledicar 
boxylic acid (4.00 g, 16.1 mmol) and acetic anhydride (50 
mL) is stirred for 5 hours at re?ux temperature, cooled and 
?ltered. The ?lter cake is washed with ether and dried to give 
the title product as gold platelets (3.37 g, 90.8%), identi?ed 
by 1HNMR spectral analysis. 
































